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ABSTBACT ... . _ 

Experiments conducted between 1968 and 1973 studied 
the various ways that colleges might provide instructional computer 
access for students at reasonable cost. Ten ^colleges, represe^nting 'a 
variety of coaputer needs and a diversity of preference in choice' of 
coaputer. vendor, configuration, and mode of operation, participated 
in an experiment to find if new "minicomputers" might be able to 
provide instructional computing support that even the smallest 
colleges could affoxd. .A basic conclusion, expressed unajiioausly by 
the ten somewhat varied undergraduate institutibns., |.s tliat a 
ainicoapuier system is the best-buy soutce of computing^ power for 
aost instructioiial >ictivities. The combination of low. icbs-dl, constant 
availability control, and the many advantages of ap 6nhcampus 
facility make the ainicomputei; a preferred \ko±p^ ^^f^f ^^oitn 
offrc?iapiis alt^fnativesT^ (Author/KE) . ' .c r f I 
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Introduction 



Background ' 

. This is a report on^tHe third of a series of experiments funded 
by the Natfonal Science Foundation directed at the evaluation of 
alternative sources ot computing to serve instructional needs in 
higher education. Tnese experiments, conducted between 1988 
and 1973, studied, the various ways that colleges might provide 
instructional computer access for students at reasonable cost. 
Among considerati6n|i evaluated c^pring the initial Iwo series, three 
alternatives appeared {promising: i 

1. Use of remote tfrminaJs connected to a university or cojttmer- 
ciaJ time-sharing com^^uter facility. One or two typewriter terminals 
per campus were connected to a variety of computers in an inter- 
active or remote job^! entry mode. The average cost per college 
was about $18,000 pet year, or $19 per registered student. Follow- 
ing the experiment, some institutions feh that the level of com- 
puting afforded an entire cai^us by one or two terminals was 
' insufficient to justify tne cost. In many cases the terminal service 
v^as discontinued after me supfpprting grant expired. * 

2* Sharing the use of A smaJI computer among several institutions. 
This was evaluated by f^ve institutions in ihe same locality sharing 
the use of a common IBM 1130 foj instructional use. The group of 
colleges spent about $7o\oOO, or $13 per registered student. The 
main disadvantage to this system was the inconvenience to students 
who had tb .travel or transport input and output in order to m^e 
use of the facility. ^ 

3. Use of Bin independent smaJJ computer in each coJJege. Six 
colleges in this experiment each installed IBM 1130 computers, 
with the abiUty to perform some administrative cpmputing, a partial 
justification of the computer's cost. The average annual cost was 
about $57,OCro, or $38 per registered student. The fraction of the 
cost prorated tb educational u$e averaged $33,000 per year, or 
$21 per registered student. The principal disadvantage of this 
source of academic computing w^s the possible growth of admin- 
istrative computing demands con^cting with increased academic 
needs/ • \ 

Although each of the methods jt^ffered a level of computing 
suitable for some instructional use* a belief was expressed in 
1^69 that the new •'minicomputers"^ might be able to provide 
^structional computing support that eveia the smallest colleges could 
/afford. An experiment was funded by NSF in August, 1970, which 
assisted ten colleges' acquisition of minicdi^puters with coordinating 
supervision by SREB. \ 

J Hamblen, John W. and Bruce K. Alcotn. Computer Facilities for Instruction in 
Small Colleges. Final Report Summary 19B^ 71 Atlanta. Southern Regional Educa- 
tion Board. Computer Sciences Project, 1972',' \ 



The Experimjmt _ ^ ■ , 

The colleges in the^ exBenment exhibited a variety of com- 
puting* needs 'a^ a diversity of preference in choice of computer 
vendor, configuration, ^d mode of operation. At the time of the 
start of the experiment, circa 1969, the"purchase of a minicomputer 
by a small college posed an ^element of risk few felt they could 
afford. Inhere was almost no experience base on which lo rate the 
expected performance of a miniomnputer in an educational envkon- 
ment, and, although many faculjy\had previous experience in the 
use of computers, almost none well versed in the elements of 
systems selection, software, liardware, . or operational considera- 
tions. The grants from NSFAvere intended to partially offset the 
risk, and the* introduction of the SREB office of the Computer 
Science Project, plus sup£pft for a series of follow-on consultant^ 
visits, assisted with thtf^Sstablishment of reasonable initial coftiputer 
operations on each campus. The experiment required institutional 
commitment to provide information about progress and use of the 
facilities through the three-year project period. A number of*joint 
meetings of the institutional principal investigators were scheduled at 
regular intervals, and several series of on-site campus visits* were 
conducted by Dr. John Hamblen of SREB, who was the project 
director, and Dr. Vincent Swoyer of the University of Rochester, 
who was consultant to the project. ' 



Reports on the Findings of the Experiments 

. Each participating college prepared annual reports on prescribed 
items relating' to hardware characteristics, software, services, costs, 
usage, academic developments, significant successes, problem areas, 
special developments, and noteworthy cooperative activities. A 
report compending the details of the individual college annual 
reports w^s piepared by Dr. Hamblen «id submitted to NSF in 
early 1974 foUc wing the end of the three-yfear experiment period. ^ 
This report il a summary of the experiences of the ten colleges, 
based on the annual reports of the colleges, as well as interviews 
and conversations with each collegers principal investigators, faculty, 
administration, and students obtained during joint meetings and a 
series of campus visits throughout the experiment. It is hoped that 
this report will be of assistance and interest to small colleges which 
are contemplating or have installed minicomputers to serve instruc- 
tional needs. Large institutions may also find interest in this report, 
since it is now evident that minicomputer systems have real value 
in support of instructional programs at many of our largest uni- 
versities. © . • 

2ftamblen. John W.. Mini and Very 'Small Co/nputer Facilities for Instruction in 
Small Colleges, Final Detail Report 1970-73. "Atlanta. Southern Regional Education 
Board, Computer Sciences Project » 1974. ^ 
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Spring, 1970: The Colleges, and 
the Status of Academic Gompuyng 

The initial situation at the *ten experimental colleges prior to the 
arrival of instructional minicomputers provides a "before" picture 
of each campus. The following describes the pre- experiment status 
of computing at. each institution and provides stDme background 
information about the college. Institutions are listed alghabetically. 

Benedict College: Columbia, South Carolina. 

Benedict College is a private college with an enrollment of about 
1300 students. The institution is ^coeducational, with a traditionally 
black student population. During the late 1960's Benedict began a 
number of new academic programs aimed at technological areas, 
including computer science, ^physics, and educational television. 
Computing prior to 1J970 was obtained by purchasing batch com- 
puter, time from an IBM 7040 facility at the University of South 
JCarolina and on an IBM' 360/25 at Consulironics Institute. The col- 
lege leased tvyo IBM 026 . keypunches and estimated its annual 
budget for* computing to be approximately $6,500. Faculty experi- 
ence with computers was limited, involving only fliree or four 
younger facjiilty who were users* of computing facilities at" other 
institutions during doctoral stutiies. A two course sequence in 
FORTRAN and COBOL programming,^ offered through the math- 
ematics department, represented the extent of computer-related 
instruc^on. The disadvantages of transporting input, decks and 
output^ listings to and from remote sites made the low-cost mini- 
computer an attractive alternative in 1970. 

Canisius College: Buffalo, New York. 

Canisius is a private, Catholic chQrch affiliated, coeducational 
institution. With 3,500 students, Ihis was the largest college in the 
experiment. An administrative tlata processing facility, based on a , 
Honeywell 200, operated oa campiis beginning in 1968. Two full 
credit Computer Science courses an^ three other courses coixtaining 
significant- computing segm^ts wer^ offered in 1970, although 
there was no academic computer. Some use was made of a CDC 
6460 computer at the University of Buffalo, but the combination of 
inconvenience and relatively high costs made this arrangement 
unfavorable for instructional computing. Nevertheless, the ongoing 
computing instruction in 1970 involved oyer 100 students per term 
in full course offerings, with a promise of growth if more con- 
venient academic computing facilities were to be available. 



Delawafi state College: Dover, Delaware: * ' 

Delaware State College is a state supported undergraduate institu-, 
tion of about IQpO pTeddminantly black fpO%) students. An^ IBM 
1130 computer was installed in 1963 to provide f;acillties for admin- 
istrative and academic computing. After many years of operation, the 
IBlil 1130 became heavily committed to administrative requirements. 
A further instructional disadvantage was a general inability for 
stuidents to access the few keypunches to prepare input. A com-~ 
puting course had been offered by the mathematics department, 
beginning in 1966, but interest was only 10 1 0,^15 students per year. 
The light interest in this kind of codrse was. attributed partly to &e 
general unavailability of the IBM 1130 fof academic work. There 
was a desire ' at Delaware State to offer computer courses of 
"^general interest {the existing course had a calculus course pre- 
requisite) which could be serviced by a computer facility eagUy 
available for academic use. 



Erakine College: Due West, South Carolina. / ' 

Erskine College is a private coeducational undergraduate insti- 
tution with aij enrollment of ^ab^ut 700 students. No computing 
equipment of any kind had ever been iilsWlled on campus. The 
only computing course offered bebare Erskjne^s participation in the 
experiment was* a Saturday only scn^ule for COBOL mstruction, 
using an IBM 360/30 belonging to a nfeji^hboring textile, company. 
To the collegie^s potential advantage, -hc^wwer, was a faculty con- 
tainii^ a, high fraction of "recent P^.D.'s^ Seven of 49 full-time, 
faculty had computing experience at major university installations. 
Erskine' represented tjbe only ins^tution in the experiment which 
had no history of computing .Equipment, terminal access to a 
conlputer, or balch access armigements with an academic com- 
puting facility. . ' / • • ' 

Holllns College: Roanoke, X^irginia. 

Hollins College is an independent liberal arts college for, women, 
offering undergraduate degrees in* 28 areas and Masters of Arts 
in psychology and creative writing, and in liberal studies. The 
enrollment is, about 1000 imdergraduate and about 150 graduate 
students^ Prior to the experiment, general academic computing 
barely existed, yviih only a single t^type tied to a commercial 
time-sharing service in Raleigh, -N.C. dauy during the off -hours from 
7 p.m. to 7 a.ni, Some research was conducted using a major com- 
puting facility at VPI, but this was 40 mUes distant. Therlfe was a 
four-year hi^ory of some computer use for on-line instrurtientation 
control dupmg which the psychology department had installed a 



PDP-8 for use with experiments on stuxtering and other on-liiie 
* projects. Faculty experience with computers reflected the expadted 
degree of expertise with laboratory applications in psychpfogy, 
mixed with a, generally sparse number of other faculty having any 
computing backjground whatever. An annual computing budget of 
about $8,800 supported the student and^ faculty activitj^ in com- 
putation. No full-term ^course in computing was offered, although 
an introduction to computing was serviced during tha 'short term" 
(the montli of January) in 1968 and^l969 using the yPI system,' and 
in J970 using the off-hour? tjme-shai^ed ^terminal,, 

Illinois Benedictine College: Lisle, Illinois 

Illinois Benedictine College, which had been named ^St. Procopius^ 
College at the inception of the experimem,^ is a private. Catholic,* 
c^oeducational institution with about lOpO undergraduate student?.^ 
The college experienced a history or valid scientific computer* 
requirements to support strong academic programs in physics and 
mathematics, but had an insufficiei^t number of students to justify j 
investment in a campus system. As early as 1962 arrangements td [ 
use conijiuters at Argonne Nation^ Laboratories were commonplace 
at the college. As interest igrew, transportation inconveniences and 
unpredictable turn-around times caused frustrations. By the spring 
semester of 1970, the college wa& spending $3,600 per four-month 
term to purchase one teletvpe*s time-sharing service frojn a neigh-' 
boring educational institition. A single terminal was not enough to 
satisfy the growing demand, however. The concept of^n on-campu^ 
.minicomputer system vvith '24-tiour a day availability and control 
appeared as an outstanding match of low cost and increased capa- 
bility. ^■ 



MacMurray Collier/Jacksonville, Illinois. 

^ Maclvlurray ^ollege is^ a private, coeducational institution with 
about 1000 ^dergraduate students^ Prior to 1970 computer avail- 
ability was represented, by a single teletype terminal connected to 
a remote (3E-255 computer. This time-sharing service was well 
received by the students, with the sign-up bo&lrlfiO% saturated. A 
substantia fraction of faculty had extensive computing experience, 
in the departments of chemistry, physicsr mathematics, economics, 
and psychology! Batch computer arrangements via U.S. mail had 
been employed at times using computers at two universities and 
, Argonne labs. A particular difficulty with this mode, however, was 
the need to arrange keypunching as well as computing service. 
^acMuryay projected extensive plans to expand interactive use of 
cortiputing by employing a half dozen interactive terminals to their 
own minicomputer during the experiment. * ^ 



Maryville College: Maryville, Tennessee. ' ^ 

Maryville College is a private,, undergraduate, liberal arts college 
of about 700 stude;jits. The college had participated, during 1968-70, 
in an NSF supported experunent which placed a single teletype 
terminal on. campus connected to a commercial time-sharing service. 
Ma^ville had been noted to Have virtuklly.no computer experience 
prior to 1968. By 1970, the single terminal had facilitated the offer- 
ing of an intrc^dhctrfry computing course during each of 'the three 
academic terms. TMis course was limited to 15 students per^term 
due id the constra/nt of a single teletype. Of special experimental 
interest at Maryville, was the potential to compare single terminal 
dccess to a time sharing service, which had cost $11,000 per year, 
to the level of computer service obtainable from a more economical 
nlinicomputer with a $2(^<<JDir^)urchase price. , ^ 

Mt. Union College: Alliance, Ohio. 

Mt. Union College is a private, undergraduate mstitution of 
about 1200 students. By 1970, a computing facility consisting of a 
second-hand early . IBM 1620 computer had been used for instruc- 
tion, research, and sope administrative use, for four years. Of all 
colleges in the experiment, only Mt. Union had an academic com- 
puter operation prior to the arrivjal of the minicomputer. It was well 
organized with part-tinje direcxion from the physics department 
chairman, a half-time manager, and a half-tima assistant director, 
^here were no credit computing courses taught, although there* was 
a desire to offer some if the necessary exRansJon in instructional 
computing facilities could be accomplished. The college had been 
investigating alternative computing methods for* more than a year 
in an effort to offer what it defined as its principal instructional 
need: a system to process a substantial work flow of student 
FORTRAN programs. A batch-oriented minicomputer seemed to 
holc^promise as a solution to this need. 

University of the South: Sewanee, Tennessee. 

The University of the South is an Episcopal institution which in 
J970 had just changed from^ an all-male to a coeducational institu* 
tionr and had plans \o increase f^om 900 to about 1200 students 
over a thre^-year period. M flurry of computing activity had 
occurred in 1963, \vhen the University purchased a minimal paper- 
tape IBM 1620 computer with a private donation. The faculty thrust 
of the computer effort was provided by a member of the Physics 
Department who planned a series of upgrade^ improvements to" the 
1620 through aaditional private donations he was soliciting. His 
untunely death curtailed these plans, and the computer ^as nearly 
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idle until 1988 when some use was made of the ^1820 througlf the 
efforts of a new faculty member/ The awkwardness of paper tape 
input 'and slow typewritfer output rendered the existing computer 
"ineffective as an instruqtional tool. In 1970 a njucleus of four 
faculty in various disciplines planned a combination of computar- 
oriented courses in mathematics, psychology, biojogy, and chemis- 
try to be based on a minicomputer., These faculty had a breadth of 
computer experience as experimentalist users, through participating 
in computer-oriented calculus teaching workshops and^during their 
own doctoral research projedts. 
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_ ' Section ni 

I. 

Minicompilters Selected, Intended 
Languages and Modes of Operation » ^ \ 

The equipment selection process, and associated plans for opera- 
tion, occurred in a tentative form in.pebtuary, 1970. In many cases, 
revisions to original plans continued right up to a month or so 
prior to delivery in the fall of 1970.- For most institutions, this was 
the first experience ordering a computer. The early 1970 tune frame 
deserves some reflection. Most major minicomputer vendors were 
in the process of releasing new lines of equipment which are now 
considered commonplace. Data General ha» barely entered, the 
market with its first Nova. Digital Equipment Corporation h>d just 
delivered the first of its PDP-11 series. Hewlett-Packard was just 
beginning ,to extend the popular HP2000 series coAiputers. It was 
a time when much of the minicomputer equipment was new even 
to the sales representatives. To th€ uninitiated consumer, there was,, 
genuine cause fpr bewilderment. Several colleges planned a system 
in March of 1970, and by the time of the experiment's start in 
August discovered new equipment had come onto the market \yith 
greater appeal. The case for Data General eqbipment, *for example, 
found some attractively priced new minicMniputers available which 
were completely unknown when the-initial systems were evaliifltfid 
five months earlier. 

Two types of incidents related to the newness of the^systems 
available affected the overall hardware and ^qftware, performance 
K evaluations during the experiment. It was commonplace for ^a 
sales representative ^o announce the pending availability of a new 
operating system or compiler, which was required to fulfill a col- 
legers plans. Softwar^was commonly delivered late, ax^d in a large^ 
number of cases would not operate onJlifi pjirchased compjuter 
because of an inadequacy such as too little /memory. (To their 
credit, the vendors generally made generous adjustments ^to compen< 
sate for their earlier misleading announcements.] Another aggrava- 
tion was the pattern of hardware malfunctions in some of the^ near 
prototype early model deliveries. 

As an experiment, it was desirable to evialuate ^ variety of 
vendors, configurations, and modes of operation. The ten toUeges 
^exhibited many differences in these regards. ^Five of the institutions 
shifted vendors between the original proposal and equipment deliv- 
ery time, with a final distribution of vendors reflecting four coni- 
puters manufactured by Digital Equipment Corporation, four by the 
Hewlett-PackaM pompBny, and two by the Data General Corpora- 
tion. The following describes the computers selected, the initial 
modes of operation, and languages supported. 
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Benedict College: This college, as many in the experimentrcom- 
pare^ the computer offerings of the three principal vendors {Digital 
Equipmeht, Data General, and Hewlett-Packard) plus. several others. 
Although originally opting for anothe^ vendor's system, a decision 
was reached to acquire a moderate size time-shared PDP-8/I-D. 
The supporting reasons foi this selection boUed down to a desire 
to obtain a proven system, with an ample library of programs, and 
an extensive array of sroftware systems, develop^ed both in house 
by the vendor and a large user comnjiunity. the sbant experience 
level of the college faculty and the absence 6f a large number of 
computer science sources precluded venture into the newer 18-bit 
minicomputers, most wijh announced but not-yet-delivered software, 
Benedict declared an early interest in an interactive ^approach to 
instructionkl computing, and tailored their systeih to offer good 
support to JEour interactive terminals,' with an ability to expand to 
as many as 18 terminals. The operating system selected was the 
standard %TSS/8 time-shared software'^ s6t supported with a 262,000 
word disk unit. The principal language to be supported was BASIC, 
althpugh the, availability of other languages was cited as ah advan- 
tage. The system included 12,'000 12-bit words of core memory, 
four ASR-33 hard-v/ired teletype terminals, and a high speed papeiL 
tape reader I ' ' 

Canisius College: The environment at Canisius retiected more com- 
puter experience than most of the, institutions. The minicomputer 
had a defined role, supplementing the existing college .computer . 
center's^ Honeywell 200 which was"^ largely dedicated to administra-' 
tive computings The minicomputer system w,as to pro\(HJe multiple- 
terminal time-sharing fdi the majority of students using a simple 
interactive language, such as BASiC. A secondary desire was an 
abUity to interface other laboratory equipment for*" on-line control 
or data acquisition. Canisius phose a Data General Supernova as 
Mheir minicomputer. This comptlter was newly announced in mid- 
1970, and Canisius received one of the 'first models produced. 
The basic appeal of the Supernova was its high performance speci- 
fications, at reasonable cost* The initial configuration of Supernova 
included 12,000 18-bit wards core memory, a 256,000 word disk 
drive, three ASR-33 teletype terminals, and a Sykes magnetic tape 
cassette drive. It was oriented to the early Data General ,time- 
sharing system utilizing BASIC. ' " ' 

Delaware State College: Prior familiarity with a laboratory PDP-8 
led to the selection of a PI3P-8/I at Delaware State. Unlike Bene- 
dict and Canisius, ih,e Delaware State facility was intended to 
operate as economically as possible in a batch mode, ysing an 
optical card reader for input cards which were hand marked. (This 
environment was appealing to a number of institutions because it 
represented the lowest total cost system, since there was no require- 
ment for either card punches or a multipli||ty of interactive tenni- 
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nals to service a large number of educational users.). The Delaware 
State configuration' represented one of the smaUest systems, with 
4,000 words of 12-bit word core memory, 'a 32,000 word disk 
drive, an optical mark card reader, and an ASR-3^ teletype, used 
her^ as 'a control console. The system was oriented to process 
batch BASIC. 

Ertkine CoQege: The objective of this institution was to support 
the general educational program with shared computer power ac- 
cessed from at least three different campus locations. The distributed 
nature of input stations indicated the use of an interactive time- 
shared system, for which &skine selected the newly-marketed PDP 
11/20. Factors leading to!me selection of '.the PDP-11 included 
(a) desire for a 16-bit rather tlian a,12-bit proncessor, (b) preference 
for a new computer that would have a longer life before obsoles- 
cence, 'and (c) a judgment that the PDP,-li would become popdlar 
and that extensive software ^ould b^ available. The configuration 
included 18,000. words of 16-bJt core memory, a 256,000 word disk 
drive, fojxr ASR-33 teletype' terminals, and a high-speed paper tape 
reader/ptinch. The computer was acquired .with the intent to^ operate 
under the RSTS-11 time-sharing system due for releasejn early 
1971. BASIC was intended as the language for almosTall use. 

HoUins Collegt: HoUins' intentic^ was to introduc'e a computing 
facility which would serve ttiree functions: (1) Provide support for 
ihs^truction in courses offered in mathematics, statistics," physics, 
social sciences, and other non-compute^scienae areas. (2) Provide 
a suitable system to serve as abase for'la sequence of "computer 
science** type coqrses sufficient to serfre as a minor or possibly 
an undergraduate ^ajor in computer ^ienee. (3)„To interface on- 
line to laboratory equipment located in the science building. 
, In-house expertise on a PDP-8 used to control a psychology 
laboratory influenced the. selection of similar equipment for the 
general purpose minicomputer. The intended principal of operation 
was interactive, using fiASIC under TSS-8, with a deske for ^ome 
batch FORTRAN capability. The cqmputer selected was a PDP- 
8/I-D, similar to and somewhat larger than the Ben edict College 
minicomputer. Included in ti^e initial configuration were 12,000 12- 
Ait words of core memory, a 258,000 word disk file, six ASR-33 
teletype terminals, a hiigh-speed paper tape reader, and some labora- 
tory interface devices. - ' ' _ , 

niindis Benedictine College: Considerable study was given to com- 
puter selection by this college. Six different systems by five, 
vendors were evaluated with considerations weighing budget vs. use 
copipromises. A decision was reached to become principally batch 
oriented using an optical card reader, but with some time-sharing , 
capability. After some deliberation, the college opted to use a disk- 
based operating system on, a Hewlett-Packard HP2114,. The mini- 
computer selected included 8,000 16-bit words memory (the maxi- 
mum available on an HP2114), a 1,800,000 work disk file, two 



14 



ASR-35 teletype temutials, an opitc^ card readei:, and a high*speed 
paper tape reader. It was planned to' support BASIC in either batch 
or interactive mode under the HP DOS operating systeni. * 

MacMurray College: From the start, MacMurray was oriented 
toward a campus -wide interactive computer system with dispersed 
terminals. Equipment selection was narrowed to' two proven sys- 
tems, the DEC PDP-8 pi^ Hewlett-Packard 2116. The system selected 
was the HP2116, because ,it represented a proven system with 
16-bit word length,, compared to 12-bits on the PDP-8. Included in 
the initial HP211^ configuration were 16,000 16-bit words memory, 
a 492,000 word driun, and eight ASR-3a teletype terminals. The 
MacMurray minicomputer represented the largest interactive system 
in |he experiment with a cost of about $91,000. It was planned for 
time-shared BASIC service. ' 

Maryville (uoUege: Maryville was interested in supporting essen- 
tially the same kind of computer service as obtained from a com- 
mercial tune-'sbaring servicp in 1969-70. Basically, this provided com- 
puter time for k coxu:se in programming, plus computing for courses 
'in physics, science, psychology, chemistiy, ^mathematics, and econo- 
mics. Their objective WSs to offer as good o^, better service for less 
than the $15,000 annual cost of the time-shared system. The mini- 
computer selected was a batch oriented HewMt-Packard 2114, wjth 
8,000 16-bit words of .memory, an ASR-33 teletyj^e terminal/ console, 
an optical mark card reader, and a higli-speed paper tape reader. 
This happened to be the lowest priced initial system in the experi- 
ment, with a cost of $19,900. Although primarily a batch BASIC 
system, it was hoped that FORTRAN could also be supported for 
instructional use. 

Mt. Union College: The plan of thig installation was to provide 
a batch facUity with the ability to rapidly process small programs 
>vritt§n in FORTRAN IV. To accomplish this, the system was con- 
figured to be U3ed with a line printer. In many respects the final 
system had capabilities similar to fairly large academic computers. 
The minicomputer selected by Mt. Union was, a Hewlett-Packard 
2116 with 16,000 16-bit words memory, a 1,240,000 word disk drive, 
an ASR-33 teletype (used as a control console), an optical card reader, 
and a high-speed paper tape reader. Although not delivered initially, 
a planned 300 lines-pei^-minute line printer was added during the 
first year, languages to be supported were FORTRAN and BASIC, 
with a batch mode of operation. The Mt. Union minicomputer re- 
presented the highest priced batch system, costing about $93,000 for 
the initial configuration. 

University of the South: The University of the South opted for a 
single-user (batch) system to provide BASIC and FORTRAN at 
minimum cost. Study of the avaUable minicomputers in the spring: 
"of 1970 resulted in the selection of an 8,000 word computer with 
Optical mark card reader. During the summer the Data General sys- 
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terns became better known, and the university shifted its preference 
to .a simUar ikovB which presented sonfewhat V^tiei price-'perf<ji:-. 
mance credentials. The initial minicomputer, then.'jAras a Data Gen- 
eral Nova, vmh 8,000 16-bit words of memory, an optical mark card 
reader, an ASR-33 teletype terminal and a high-speed paper tape 
reader. The^intended mode of operation vvas batch, .or a single us3r 
terminal, to/ support BASIC 'and FORTRAN. / . ^ ' ^ ; 

/ ' / 

Some General Observations about Equipment Selection: 

Althoi^the ten colleges varied somewhat in the pbjectives to be 
satisfied/ by the minicomputer system, some initial generalizations 
were ai)jparent. • . 

1. Institutions primarily interested in economical use by fairly 
large liumblers of students opted for a batch ijiOde of operation. 

2. Tiiree '*least costly'* systems, all batch or single-user oriented, 
were priced around $20,000 for a complete system. No single 
vendor was af the low-cost epd of the scale, with a Data General 
Nova, a Digital*Equipment PDP-8, and a Hewlett-Packard 2114 with 
very similar lowest price honqirs. 

3. Irrespective of vender, most instititions opted for a high*speed 
paper tape reader or rekder/punch. * 

4. Five institutions chose to operate. multiple terminals in a time- 
shared mode. Of these, all had at least 12,000 words of memory. 

5. The commt)n characteristic sepatating the **low-cost*' $20,000 
jsystems from flie others (ranging upward from $40,000) was the 
exclusion or inclusion of a high-speed Rotating secondary memory 
device (either a disk drive or a drum). 

6. All time-shared systems had a disk or a drum. 

7. The two "highest-prlcpd'* systems ($91-93,000) were both 
manufactured by Hewlett-Packard. One was batch oriented and 
the other was time-shared. 

8. Although equipment from General Hectric, Wang Laboratories, 
Xerox and Honeywell was included in the evaluating, the '*big 
three" minicomputer vendors (DEC, .Data General, and Hewlett- 
Packard) ended up as the only manufacturers represpnfed. 

9. Every installation planned to use BASIC, nine as the primary 
language. About half felt that some FORTRAN was important. 
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Section IV 

Initial Installation; First 
Experience with Minicomputers 

This section, and the next, deal With infonoation relating how 
the colleges went about making use of their minicomputers, their 
experiences (both good and bad), and some of the lessons learned. 
Much of this information wai collected during open discussions 
s^vith experiment participants. It must be appreciated that the experi- . 
races described do not reflect a broad study of equipment or soft- 
ware performance. The experiences relate only to this experiment 
and, a^ noted earlier,* at a time when equipment offerings and„ soft- 
ware developments .were often brand new or under development. 
The Data General computers, for example, were. early production 
models in their first year of manufacture. Conclusions drawn relate 
to the particular systems used and may not reflect the characterise 
tics of later systems. 

Space: A concern of an institution about to install a minicomputer 
is the place to put it. All colleges in the experiment were able to 
provide space, generally suitable and occasionally spacious,. The 
type of installation fell into thrpe broad classes, each with differ- 
ent space requirements. ' ^ 

1. "Small" batc^ or single user systems. These required, in addi- 
tion to space to hoife^the minicomputer itself, an area in which the 
users could perform certain tadcs related to pr^aring input. Four 
of the institutions were in this class. On the average, a room' of 
about 400. square feet was provided, although a room as small as 
200 square feet could be considered passable. One institution housed 
the minicomputer system at the rear of a classroom, in a designated 
area of about 150 square feet. Naturally the classroom itself fre- 
quently doubled as the necessary work area. Although this worked 
out satisfactorily with respect to space, it constrained the schedul- 
ing of both the classroom and the use of the computer. The largest 
computer room inihis category was 600 square feet. 

2. "Large'' batch system. The Mt. Union College facility was the 
only minicomputer in this class, which would be expected to have 
requirements greater than the preceding group. The area housing the 
computer measured about 600 square feet. It was unusually crowd- 
ed, howex^'er, because it also housed th6 IBM 1620 comp'uter, three 
keypunches, the manager's office,' and some related peripheral 
equipment. The' college had a new building, jinder construction to 
accommodate the computing facility in less cramped quarters, so the 
crowding was acknowledgedjo be temporary. 

^ 3. Time-shared systems. The five cTolleges wijh time-shared sys- 
tems housed their computers in . modest space, with user work 
.stations, (terminals) located in other areas. The main computer room 
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area ranged from 64 square feet to 200 square feet, with 150 square 
feet a reasonable area to simply house the computer system. (The. ^ 
time-sharing. computer systems telided to be physically larger than 
the other minicogiputers since all had disk drives or drums, and.^ 
most had communications devices and additional memory units as 
well.] * Terminal area requirements were difficult to afesess, since 
many terminals were located in laboratories, hallways, libraries, 
and other locations with multiple function^. Two colleges placed 
several terminals in general time-'^sharing users* areas of about 150 • 
square feet, fairly, near the main computer room. Several others 
had portable terminals which could be wheded into offices or class- 
rooms. . ^ • 

Initial Training: Nine of the ten colleges designated a faculty mem* 
ber to assume control of the minicomputer installation as a psfTt- 
time assignment. (The remaining college, Mt. Union| .already had a 
computing facilities staff whi^ assumed the minicoinputer facility ^ 
as p^ of its existing operation.) "Most colleges, initldHy, released 
25^ of faculty member's tune for this purpose. Since there was 
commonly no prior experience with computer operating systems, 
compilers, hardware operations, etc., start;up training of the faculty 
member was a necessary consideration. In every case, the vendor' 
provided some form of instruction, ranging from on-site check-out • 
sessions,' to classes held in metropolitan areas, to formal courses 
offered at regional training centers. Digital Equipm^ent, Corporation 
was cited by two of the colleges as providing an excellent^eries . 
of Training courses in Maynard, Massachusetts. Most minicomj^'utersl i 
were scheduled for a fall delivery so that the summer^ of ig-^waiV 
* used as a training period in many cases. '/J 

Maintenance: Vendors generally included a free maintenance period 
for the initial 90 days of, operation. Beyond this, however, the 
colleges had seyeral options. Since the equipment was purchased, 
it was possible to have no contracted maintenance agreement at all. 
Fou? colleges elected..this route. Repairs were available on call or 
by shipment of defective components by mail.* At three of these 
colleges, essentially no maintenance was required on the minicom- 
puter syM$m throu^out the total three years of the experhnent, 
with the occasional exception of mechanical components such^as 
tape or card readers, or teletype terminals.. The remaining colleges 
initially contracted fbr maintenance on the computer vendor's equip- 
ment, leavings teletype repairs to be covered locally. Since main- 
tenance contracts commonly cost $4,000 to $5,000 annually, colleges, 
that gambled with pn-call service tended to have considerable 
pavings. It .happened that the only college to experience a need for 
significant repair service did not contract for njaintenance, yet still 
Jiad costs totaling less than the vendor's maintenance agreement 
price. 
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Softwlir«5--^he minicomputers in' the experiment ^were Reared to 
primary use with the BASIC language. Wit'h this language, all the 
systems were operational very shortly after delivery. The colleges 
.had plans for languages other than BASIC, however. In this re- 
spect, variability of success was nbted. As a generalization, one 
could easily^ observe that the older the design of the minicomputer, 
the more r6.adily the additional software options functioned. Users 
of th^.PDP-8, which had the longest Imeage, had little problem 
mounting a variety of capabilities derived either from, the vendor 
or other PDP-8 users. Advice was also readily available from the 
other users. With newer equipment, it was a different story, the' 
University of the South, with their Data General Nova representing ^ 
one of tlje .newest designs, struggled to install FORTRAN for 
28 months Before it became operational. Smaller memories generally 
pFoduced software hardships. The colleges with less than 12,000 
words of memory .experienceli difficulty implementing FORTRAN. ^ 

By the end of 18 months a wide ar/ay of languages was sup- 
ported. In addition to BASIC, nine of the ten colleges Jiad FOR- 
TRAN, six offered ALGOL, the DEC PDP-8's and PDP-IX colleges 
had FOCAL, three had editing capabilities, aifd one offered COBOL 
Nine colleges also used an Assembler Language for insti^uction. ^ 

♦ ' ' 

Service Hours,^ Charges, and Costs: Four colleges maintained hours ^ 
of availability during the daytime only, commonly 8 a.m. to 5 p.m. 
Four others were open until late evening. The remaining two j 
colleges permitted computing any tline. Nine collegers had no 
charges for use, of the computer, although one of these charged a* ^ 
modest lab fee. MacMur^ray College, Which was leasing service to 
other colleges, charged $250 per month fofan off-campus terminal 
service. * , / . 

Statistics maintained during the^first two years on the total costs 
of the minicomputer operations, including prorated fractions of all ^ 
salaries, wages, benefits, indirect costs, and travel (not commonly ^ 
costed as expense items in previous evaluations], as well as equip- 
ment and materials expenses, showed an annual cost per registered 
student averaging under $16.50 ahi6ng the ten colleges. / ^ 

Some Start-up Problems: A wide variety of incidents, and minor 
problems occurred. Some of the more interesting were: . / ^ 

Difficulty uncrating the teletype. 
• A computer room ceiling had l^een spray painted before equip- 
ment was installed. Aparently some spray mist hirnecfto a sort 
of dnst^and dropped on equipment causing problems. ' ^ 

^ Vendor documentation [n^ied particulary with Data GenerSl ' 
equipment) had shortcomhigs. ' | 
f Paper tape readers reacted. differently^with different tape sup- ^ 
plier's paper. The DEC paper tape reader wouldn/J read tapes 
prepared 0n teletypes. 1 
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The ASR-33 model teletype was found to be designed for too 
light duty by three colleges. Preference iiow is, for ASR-35 or 
NCR terminals instead^ ' ( . * 

Initial .problems at three colleges with Optical Mark Reader 
was a common hardware complaint. 

Hewlett-Packard maintenance service charges were much^high- 
er than earlier quotations. * / 

Digital Equipment Corporation shipped softwarjB on paper tapes 
with BASIC using one format, FORTI^AN usmg another, and 
the time-sharing system still another. 

Considerably more than half-time effort ^was needed by the 
person in charge, initially. * ^ ' 
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learning processes, and operations settied down, institutions 
began to identify some priorities among a number of objectives, and 
to rectify minor elements of mistaken planning. Thl^ section de- 
scribes a number of experiences, problems, and judgments which 
occurred during the "mature" phase of the experiment. , , 

lutnictional Use: Most of the golleges experienced a dr^atic 
increase in (1) numbers of students using computers, (2) numbers 
6f departments introducing computer usage into cjpurses, and (3) 
numbers of courses specifically dedicated, to computer instruction. 
At Canisius College, the largest institution, the pre-minicomputer 
usage (spring 1970 semester) reflected, use by about 100 students 
per tetm, and by four departments' courses.. By 1972, the number 
of student u'sers had increased to more than 1,000 during tfie fall 
Semester, distributed among 19 departments. Mt. Union College 
established four new courses in computer programming. MacMurray 
College, with a larg6 time-sharing system, extended its service by 
installing terminals in two pther local colleges, whicb avera£;ed 9 to 
10 connect hours each per day. Additional terminals were added 
in new areas, bringing the number to eight installed at various 
sites on the MacMurray campus. ' ^ 

Computer access was cited by faculty at several institutions as 
the primary instructional advantage of an on-campus minicomputer. 
At MacMurray around-the-clock availability of reliable service via 
eight terminals had" replaced half-time use of one terminal. Courses 
could depend on the accessibility of a computer to assist with lab 
courses, or to solve complex homework assignments, so courses 
were redesigned in chemistry and physics. At most colleges, the 
pattern of instructional growth showed an introduction of two to 
four computing courses, plus a number of new computer-related 
courses develop^.d in other disciplines. 

Numbers of students! using the computer increased by a factor-of 
nearly 10, with a mean number of 20 to 30 students usin§ com- 
puters on a campus prior to the experiment increasing to a mean 
of about 200 students. 

Equipmenft Upgrading: ^The increased use, plus desires for more ad- 
vanced fe&turea* resulted in a number of changes from the original 
equipment installed. Four colleges increased the nu;nber of terminals 
attache^ to the minicpmputer (of the six minicomputers* whose 
operafmg systems/har4ware would permit an expanded number of 
terminals). Memories And other storage capabUities were increased. 
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The HP2114 computers at Maryville and Illinois Benedictine un- 
fortimately did, not have memory expansion capability; however, 
of tfie remaining eight ^colleges, four increased the sizes, of ^ their 
memories. Five colleges increased on-line storage capability by add- 
ing additional disk, drum, of magnetic tape capacity. Two colleges 
added plotters, and one added a line printer. An interesting im- 
provement at MacMurray was a higher speed* terminal utilizing a 
Diablo printer mechanism using an interface designed and built at 
the college. At Hollins College various remote laboratory apparatus, 
such as spectrometers a6d scopes, were successfully connoted on- 
line using a flexible plugboard arrangement developed by the Hollins 
stu^dents and staff . 

The level o| computer expertise exhibited a remarkable trans- 
fonnation.over a three-year period. An initial pre-experiment meet- 
ing, held in 1970, was attended by a group of ten generally in- 
experienced neophytes. By the second year,. the stale group's meet-^ 
ings disclosed interchanges of systems programming h£nts, neW cir- 
cuit designs and modifications, money-saving eqi^pment rei)air 
idead, and dozens of solutions. to problems considered upapprojach- 
able in 1970. ' ! ^ 

Problems: Problem areas ranged from a few common to most cbl- 
leges, to some (sometimes curious) hapgensfances umque to one 
institution. A common complaint was the ladk of sufficiem tune for 
the lead individual to spend* with his computing responsibilities. A 
number of. colleges had allocated only one-fourth or ^ne-third time 
to this Important function. A concensus indicatpt^ a minimum of 
one-half time is needed to satisfactorily head t^e operation of a 
minicomputer system. . / • 

Vendor failure to satisfactorily maintaiiji equipment was exper- 
ienced on 6ccasion, though rarely. Vendor software problems were 
somewhat more common, With the most satb/actory rfecord achieved 
by colleges with. PDP-8 or Hewlett-Packaifl equipment. Most sys- 
tems settled down within the first six mbj^ths apd performed well 
from then on. The potable exception Wafe the Data General Super- 
nova at Canisius College, which ej^^erienced major cohiponent 
failures throughout the experiment. A series of 46 equipment failures 
resulted in such things as replacenient of disk drives on three oc- 
casions, numerous shipments or replaceme^nt and damaged imits, 
three instances of returning the entire computer to the vendor'^ 
factory lor repairs, and two* intervals of prolonged, periods (more 
than a month) without a computer. It should be emphasized that 
Canisius had an early, production version of the newly-designed 
Supernova.- / / ' " 

Software problems seemed to be related to the .newness of com- 
puter design. Erskine Qnlegp, although able to offer BASIC service 
to four terminals on t^eir PDP-11/20, was unable to implement the 
features originally planned to operate under RSTS-11. The memory 
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was an absolute constraint, resulting in a vendor contribution of an 
additional 8,000 words of memory. Unfortunately, the additional 
memory board was supplied without an appropriate interface, and 
during the fir^t three years was not usable. (The vendor responded 
with some technical assistance and additional hardware after the 
experiment ended.) The failure of the FORTRAN compiler on the . 
University of the SoUth Nova computer was a topic at three con- 
secutive semi-annual meetings. This problem was finally resolved 
with some assistance from another Nova installation. 

Hardware troubles were most often associated with mechanical 
peripheral components. The most common failure was with^the 
optical mark card readers. At Illinois Benedictine the card reader 
was the only component to fail during the fkst t^o years. At Mt. 
Union College, the heavy batch workload proved too much for the 
light duty optical card reader, and a replacement Documation reader 
was.installed. Disk or drum drives provided many early problems at 
Canisiu^ and MacMurray, and a disk head crash represented one of 
the rare system problems at Mt, Union. Card and paper tape read- 
ers were found to have idiosyncracies related to type of paper 
stocks colors of ink used, and other seemingly innocent variables. 
Experience seemed to clear ^up. most problems. Th6 minicomputers 
themselves, with the notable exception at Canisius, were solid pei- 
formers throughout. ' - • 

Afterthoughts: The Qolleges were^prompted from tiiyie to time .about 
what would be done differently I had it to do over." Responses 
were in three categories,. S^e common afterthoughts were: 
Planning (including hardware selection) 
^ a. Would have more terminals. 

b. Would not get teletypes from the manufacturer, but from an 
independent (less costly) source. 

c. Would not use the optical card reader. 

d. Would plan more core. (Some also indicated a preference 
M for 16-bit over 12-bit memory.) 



a. Would have room and storage cabinets prepared before de- 
livery of machfae7>^ith better security. 

b. Would shop around for paper and tape. 

c. Would have more space, 

d. Would attend vendor's schools earUer, 

e. Would train ,a, technician for some maintenance. 
3. Operations ' 

a. Would allocatt^ more timp to operate the center; minimum of 
half-time. (This was a response from seven of the colleges.) 

b. Would make more Use of student assistants. , ♦ 
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' Section VI • 

« 

Some Conclusions and Suggestions; Common 
Questions Answered; Table ](: Sununary 
of Minicomputer Equipment and Costs r ' 

This section brings together some of the major findings of the 
experiment, with an aim to assist other institutions considering a 
jninicomputer for instructional use. A basic coEiclusion,. expressed 
unanimously^ the ten somewhat varied types of undergraduate 
institutions, is that a minic^omputer system is.jthe best buy source 
of computing power for most instructional activities. The combina- 
tion of low cost, constant availability, control,, and the many ad- 
vantages of an on-campus facility make the minicomputer a prefer- 
red choice over known off-campus alternatives. 

Many conclusions have a financial basis. Post statistics and equip- 
ment configurations are Summarized at the end of tlus section in 
Table h This table shows the minicomputer system purchased by 
each ^institution, its purcl^ase price (in 197<), for most equipment)^ 
,and, average annual costs. The average annual costs are broken 
down as "equipment,*' '^salaries and benefits,*' and "other" com- 
ponents, and include calculation of annual cpBts per enrolled st;i- 
dent. The latter figure correspond? with a ''nile^f' thumb" statistic 
calculated in a numbed of previous experiments and projects, some 
of which were note^.in the Introduction. It is useful as a rough 
.guide; in this instance',', it must be noted that the annual costs per 
student include all xosts, not simply equipment costs. The figure 
ranges from $5.40 to $33.24 j)er student per year, of which equip- 
ment costs (often the .3ole basis for calculating cost per student in 
other experiments) range from<2.80 to $17.10 per student per year. 
In all, it may be i;oted that 12,450 full-time students were enrolled 
collectively by the ten institutions, with a mean total annual cost 
per student of $17.52, fOf that total, $9.30 is the mean annual cost 
per student for equipment.) The institutions which had prior ex- 
perience using one or two interactive terminals to a remote time- 
sharing computer^ felt the minicomputer source was unquestionably 
superior^ In addition to co^t savings (institutions here, and in pre- 
vious NSF experiments had experienced average annual costs of 
about $19 per student), greater avaUabUity, and other obvious ad- 
vantages cited above, there was an expressed academic advantage. 
This is hard to quantify, but includes the advantage of having a 
facility on which software changes, operating system experiments, 
and^ other developmental activities can take place which would not 
be possible on a large or non-institutional facUity. In addition, the 
on-site system created an atmosphere or center of activity sup- 
portive of creative thinking about computing". 

Prior to the experiment, the colleges established rough budget 
guidelines for the various levels of minicomputer systems. The 
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- mean estimated total annual cost was $28,130. The actual mean 
total annual cost turned out to be $2]n810. The average .annual cost 
per student was estimated in advance to be $21.42, which com- 

. pared -to an actual cost of $17.52. Thus it ^was observed that costs 
were actually some*vhat lower over three years than j^rojected. 

Equipment costs were found to average 53% of the, total ex- 
penses. Th'is component of the costs ranged from $4,700 to $22,000 
pei year with a mean of $11,580. It would be expected^ that costs 
for comparable systems wpuld be somewhat below. these figures 
today, although one must npt hastily apply a .factor oil say, 50% 
(which may accurately reflect the comparable price o^ a processor 
unit today versus 1970) too broadly, ftrocessors and memories have 
come down in cost drastically. Howev§r, most mechanical devices 
(such as disk drives, tape 4^ives, card readers] h&ye experience 
less reduction. Maintenance costs, included here M equipn\ent ex- 
pense, have, increased. Overall, the minicomputer system of today 
should probably cost about 80% of the comparable 1970 version. 

Other costs, however, have increased. Salaries/benefits, publica- 
tions, and trayel expenses generally total ^bout 25% more than in 
1970. Supply costs are 100% higher for paper items than just two 
years ago. Since . salaries ancl benefits constitute 27% of total 
annual costs, and ''other" costs [largely supplies and institutional 
overhead) represent the remaining 20%, ihe end result of a new 
1974-75 operation should have a price tag close to par with 1970 
costs. - " - ^ • 

The institutions were queried, after the fact about typical ques- 
tions, \vhich might be ^sked by prospective ins|Hutional minicom- 
puter users, and what the answers to those quesl'ions should be. 
The following are some typical questions, with responses, which 
could be asked by institutions exploring minicomputers. 

What is the^ mosV common ' oversight when/ planning a college 
minicomputer operation? - ' ' 

Underestimating the amount o^rjie needed by the person (faculty 
member) ^responsible for the operation, especially during the first 
year. A minimum of 50% of full-time should be. allocated,' with 
more time available during the- first year, if possible. 

Wh^t is the primary^ equipment difference , that most colleges 
would opt {or if they could redesign the system after several years 
experience? 

The most common change would be a coriiputer with a larger 
memory. (Eight of the ten institutions gave this response.) 

What vendor would you choose if you were to **do it over?'^ 
Curiously, the response to this question, in 1973, was a preference 



for toe same vendor as previously' used. Some qualifications were 
attached/ indicating thatj^perfect satisfaction v/as not always pre- 
sent. Most consistent support for equipment and reliability was 
present from Hewlett-Packard users. The support on behalf of soft- 
wai:e offered was rtiixed, supporting* Hewlett-Packard most favor- 
ably fpr operating systems software, and Digital Equipment for 'ap- 
plications. Maintenance service was^ most often criticized by users 
of Hewlett-Packard equipment. Oddly, although each institution ex- 
pressed favoritism for the vendor it used durmg the 1970-73 ex- 
periment, the only institution to actually replace its initial mini- 
computer with a cdmple^tely new system (University of the South) 
changed from Data General to a Hewlett-Packard system. It should 
be noted that this institution upgraded from a small initial system to 
a very large new system which had major administrative require- 
ments* in addition to an order of magnitude expansion of instruc- 
. tional capabilities. More recent comments (late 1974) indicat^some 
consideration would be given to newer vendors^ such a§ Prime or 
Interdata. Used.e(juipment is also available at very attractive prices, 
as is pkg-compatible equipment, so that combinations of used 
components and primary-vendor pluis secondary-vendor peripherals 
or memories would now be'explored.^ 

How inany students may be adequately supported by one inter- 
active BASIC terminal? . ^/ 

(Answered by the. five institutions with interactive minicomputers.) 
Two institutions responded with 22 to 25, with three institutions 
answering 10 to 15. The variability reflected the amount of com- 
puting required 'of the ''typical"' courses. The same question has 
been "addressed by other institutions with interactive expierience. A 
'Consensus indicates 22 to 25 students per terminal t6 be a maximum 
number in a course with mpdest assignments. More institutions pre- , 
fer a* terming to serve no ^ore than 15 students in a computing 
course. " ^ • 

. I» there a high risk of equipment .iailure with a minicomputer? 
If a maintenance contract a necessity? 

Component failure in equipment other than«teletypes, card readers, 
disk drives, and taffe drives was almost non-existent. Following an 
initial shake-down period (three to six months), every institution 
that shifted to **on call" service, in place of a monthly contract, 
reduced its maintenance costs. In most cases, the reduction was 
mote than. 80%. The,consensurfavored maintenance contracts only 
for mechanical components (if W all) with maintenance of teletypes 
separate from vendor-supplied service contracts in "any event. 
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• Was th«e any indlcitor that would tend to Identify in advance 
whether histitution would have a successful minicomputer op- 
eration? * 

All institutions achieved successful operations, within a variety 
of objectives. The quicicest achievement of a satisfactory smooth 
operation (which would probably also tend to maximize successful 
instructional use) occurred at institutions where (1) prior faculty/ 
staff experience with computing existed in some numbers (10% to 
20% ot facultyl prior to arrival of^the minicomputer, and (2) "ample 
tinie was i^t'o\^ded to allow one person at least *alf his time to 
develop Ihe facility. 

What -are recommended steps in computer selection to assure 
a reasonable choice of equipment? 

If * satisfactory ' computing service is a primary objective, don't 
be a pioneer. One institution's hints were: (a) buy from an estab- 
lished vendor, (b) Select a time-tested mainframe and peripherals. 
(Personal visits and calls on custo^ners with the same equipment are 
strongly advised.) (c) Stipulate in the contract. that all hardware 
and software must be in full operation on-site before any payment 
is made. \ • 

"Another institution suggested asking vendors for sample systems 
to run experimentally for a test period. Still another suggested that 
prmiary attention should be paid to the availability of tune-tested 
software in the areas 'of most interest. ' . 
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